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ABSTRACT
Background: Milk quality is considered unsatisfactory in Brazil due to factors of a social, economic, cultural, and cli-
matic nature. Mastitis is the main disease that affects dairy herds. Microorganisms of the genus Staphylococcus are the 
most frequently isolated pathogens in cases of mastitis in bovines. Staphylococcus aureus requires more attention because 
they have the ability to develop resistance to antimicrobials used in the treatment of mastitis. Thus, the aim of the present 
study was to evaluate virulence factors in isolates of S. aureus as well as analyze the hygienic-sanitary quality of raw milk 
produced on dairy farms in a semiarid region of northeastern Brazil.
Material, Methods & Results: Samples were taken from milk containers at 44 properties. Fifty-eight isolates of Staphy-
lococcus spp. were analyzed and genotypically identified as S. aureus. In the phenotypic characterization, 56.8% (33/58) 
of the isolates demonstrated moderate biofilm production. In the genotypic characterization (icaA, icaD and bap genes), 
icaA was the most representative among the isolates. No resistance to cephalothin or oxacillin was found, but 62% (36/58) 
of the isolates exhibited resistance to ampicillin, amoxicillin, and penicillin. In the genotypic evaluation in response to 
β-lactam antibiotics, 50% (29/58) of the isolates exhibited the blaZ gene. Total bacterial counts were determined based on 
the standard plate count and flow cytometry, for which a significant positive correlation was found (r = 0.61, P < 0.01). 
The somatic cell count was also performed using flow cytometry and demonstrated that 6.8% (3/44) of the properties had 
values above one million cells per mL. The analysis of Staphylococcus spp. revealed that 20% (9/44) of the properties had 
significant counts for the production of staphylococcal enterotoxins. Regarding total coliforms, 56.8% (25/44) of the milk 
analyzed had counts above 1.0 x 103 CFUs/mL. There were no cases of the isolation of Pseudomonas spp. Streptococcus 
spp. was isolated on 6.8% (3/44) of the properties. The results of the sequencing revealed one isolate to be Lactococcus 
lactis and two to be Enterococcus spp. 
Discussion: None of the 58 isolates of S. aureus was classified as negative in the phenotypic characterization of biofilm-
forming capacity, which suggests the presence of genes involved in this process. Studies have shown that the molecular 
techniques used to identify ica genes encoding biofilm synthesis are very important for the identification of virulent strains.
The isolates demonstrated resistance to β-lactam antibiotics of the class of penicillins, which are the most widely employed 
antimicrobial agents for the treatment of diseases in dairy herds. The presence of the blaZ gene in 50% of the isolates is 
in agreement with data reported in other studies developed in northeastern Brazil. In 50% (29/58) of the isolates, the pres-
ence of the blaZ gene was not observed. Of these, (8/29) were resistant to ampicillin, amoxicillin and penicillin. This is 
due to the existence of other bacterial mechanisms. Research has shown that some isolates possessed three mechanisms 
(blaZ, mecA and msrA) of antimicrobial resistance simultaneously. The results of the quality analyses demonstrate that 
some properties produce milk of low quality, which underscores the need for management strategies directed at reducing 
the contamination of the product. 
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INTRODUCTION
Staphylococcus aureus is considered the main 
pathogen in cases of bovine mastitis [43] and its preva-
lence may be related to the presence of biofilm, which 
diminishes susceptibility to antimicrobial agents [30]. 
The resistance of these microorganisms to β-lactam an-
tibiotics may also be related to presence of certain genes 
[5] responsible for regulating the synthesis of enzymes 
(e.g., beta-lactamases) mediated by the blaZ gene [33]. 
Bovine mastitis has a huge impact on milk 
production. Thus, knowledge on virulence factors is 
important. It is also important to use indicators for 
monitoring the quality of raw milk, such as the total 
bacterial count (TBC) and somatic cell count (SCC) 
[16]. TBC is a direct measure of contamination and SCC 
is an indirect measure of mastitis in a herd [8]. Other 
indicators are important to the evaluation of refrigerated 
raw milk, such as the psychrotrophic bacterial count, 
especially species of the genus Pseudomonas [34], total 
coliform count as an indicator of environmental and fecal 
contamination [18], and an evaluation of the presence 
of mastitis-causing pathogens, such as Staphylococcus 
aureus and Streptococcus agalactiae [19].
Considering the impact of bovine mastitis on 
milk quality, the aim of the present study was to per-
form phenotypic and genotypic analyses of isolates of 
S. aureus with regard to the production of biofilm and 
resistance to antimicrobial agents as well as analyze 
the hygienic-sanitary quality of raw milk produced on 
dairy farms in a semiarid region of northeastern Brazil.
MATERIALS AND METHODS
Sample collection and analysis facilities 
Forty-four samples were taken from milk con-
tainers at 44 properties in the municipality of Afrânio, 
which is located in a semiarid region of northeastern 
Brazil. The collection was performed based on the 
Instruction Manual for the Collection and Shipping of 
Milk Samples for Analysis of the Northeast Dairy Herd 
Management Program. Three samples were taken from 
each container. One sample in a sterile conical tube was 
sent for analysis at the laboratories of the Federal Uni-
versity of the São Francisco Valley in the city of Petro-
lina (state of Pernambuco) for the evaluation of viru-
lence factors of S. aureus, standard plate count (SPC 
- total mesophilic aerobic bacteria), Staphylococcus 
spp. count, total coliform count, and presence of Pseu-
domonas spp. and Streptococcus spp. The other two 
samples were sent to the PROGENE laboratory of the 
Rural Federal University of Pernambuco in the city of 
Recife for the analysis of TBC and SCC using flow 
cytometry. For the sequencing analyses, the samples 
were sent to the ACTGene Molecular Analyses Ltd. in 
the city of Alvorada, state of Rio Grande do Sul, Brazil.
Phenotypic and genotypic identification of  
Staphylococcus spp.
Fifty-eight isolates from the mannitol salt agar 
(Kasvi®)1 medium were initially identified as Staphy-
lococcus spp. based on morphological and biochemi-
cal (Gram, catalase) characteristics. The DNA of the 
isolates was extracted and purified using an adapted 
method [1]. The samples were subsequently submitted 
to DNA quantification with the aid of a spectropho-
tometer (Pico 200 model, Picodrop®)2. Dilution was 
then performed and all extracted samples had a final 
concentration DNA concentration of 50 ng/µL. The ge-
notypic identification of the 58 Staphylococcus isolates 
was performed with the nuc [21] and rdr [37] genes.
Analysis of virulence factors in S. aureus
The phenotypic characterization of the biofilm-
forming capacity of the isolates was performed using 
the adherence test in microplates.  The strain S. aureus 
ATCC 25923 was used as the positive control and the 
strain S. epidermidis 12228 was the negative control. 
Absorbance was measured in microplate reader (Expert 
Plus model, Biochrom®)3 at 620 nm using an adapted 
method [31]. In the molecular characterization of 
biofilm formation, the amplification reaction of parts 
of the icaA and icaD genes was performed using a 
modified method [42, 13]. 
The resistance profile of the microorganisms 
was determined using the modified Kirby-Bauer disk 
diffusion method. The following β-lactam antibiotics 
(one cephalosporin and three penicillins) were tested: 
cephalotin (30 µg), ampicillin (10 µg), amoxicillin (10 
µg), and oxacillin (1 µg) (Laborclin®)4. The test was con-
ducted using a standardized protocol [10]. In the geno-
typic characterization, the amplification reaction of the 
blaZ gene was performed with an adapted method [35].
Standard plate count
The standard plate count (SPC) was performed 
in agar (Himedia®)5 using the deep plating technique. 
The plates were incubated in a bacteriological hothouse 
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at 37º C for 48 h. Plates with 30 to 300 colonies were 
then selected for counting. The number of colony-
forming units (CFUs/mL) was determined as the mean 
of three experiments multiplied by the inverse of the 
dilution [2].
Determination of TBC and SCC
The raw milk samples were collected in flasks 
containing azidiol pellets and TBC was determined 
automatically using flow cytometry (Bactocount IBC, 
88 Bentley Instruments®)6, with the results expressed as 
CFUs/mL. For the determination of SCC, the raw milk 
samples were collected in flasks containing bronopol 
pellets and submitted to fluorescence flow cytometry 
in a somatic cell counter (SomaScope MKII, Delta 
Instruments®)7 following the method suggested in 
Normative Instruction Nº 62 of the Brazilian Ministry 
of Agriculture and Livestock [9].
Staphylococcus spp. count and total coliform count
The Staphylococcus spp. count was performed 
using the dilution method following a standardized pro-
tocol [2], with a mannitol salt agar1 as the medium. The 
violet red bile medium was used for the quantification 
of total coliforms [2]. The plates were incubated in a 
bacteriological hothouse at 37º C for 24 h. Plate con-
taining 30 to 300 colonies were selected for counting. 
The results were corrected for dilution and expressed 
as CFUs/mL [2].
Presence of Pseudomonas spp. and Streptococcus spp.
Plating with a calibrated Drigalski spatula (10 
µL) was performed in Pseudomonas agar (for fluores-
cein) (Himedia®)5 and Todd Hewitt (Kasvi®)1 medium 
for the verification of the presence of Pseudomonas 
spp. and Streptococcus spp., respectively. Amplifica-
tion of part of the 16S rRNA gene was performed for 
the molecular identification of the Streptococcus spp. 
isolates. Purification of the polymerase chain reac-
tion (PCR) was then performed with the PureLink™ 
Quick gel extraction and PCR purification combo kit 
(Invitrogen™)8. The samples were sent to a private firm 
for sequencing (ACTGene Molecular Analyses, Ltd.), 
using the didesoxy method or Sanger chain termination 
method. The PHRED program was used to determine 
the quality of the electropherograms. Sequences with 
PHRED quality higher than 20 were analyzed using 
the Basic Local Alignment Search Tool (BLAST) for 
the confirmation of the species.
Statistical analysis 
The Shapiro-Wilk test demonstrated non-normal 
distribution of the SCC and TBC data, even after log 
transformation (log10). Thus, Spearman’s correlation 
coefficients were calculated for the evaluation of the 
results of the SPC and flow cytometry. The Statistical 
Package for the Social Sciences (SPSS, version 20.0 for 
Windows)9 was used for the statistical analyses.
RESULTS
The molecular identification of the 58 isolates 
of Staphylococcus spp. was 100% positive for the nuc 
gene (S. aureus). Among the isolates, 31% (18/58) 
exhibited weak biofilm production, 56.8% (33/58) 
exhibited moderate production, and 12% (7/58) were 
classified as strong biofilm producers. In the molecular 
analysis of biofilm formation, 39.6% (23/58) of the 
isolated had the icaA gene, 31% (18/58) had the icaD 
gene, and 5.1% (3/58) were positive for the bap gene. 
Table 1 lists the findings related to phenotypic and 
genotypic analysis of biofilm formation.
In the method used to determine resistance, 
62% (36/58) of the S. aureus isolates were resistant 
to ampicillin, amoxicillin, and penicillin. No cases of 
resistance to cephalotin or oxacillin were found. Half of 
the isolates (29/58) did not exhibit the blaZ gene and, 
among these 29 isolates, eight were resistant to ampi-
cillin, amoxicillin, and penicillin. Among the isolates 
positive for the gene, nearly all (28/29) were resistant 
to ampicillin, amoxicillin, and penicillin.
TBC was performed using both the SPC and 
automated flow cytometry. A range of 1.4 x 103 CFUs/
mL to > 3.0 x 105 CFUs/mL was found based on the SPC 
and a range of 6 x 103 CFUs/mL to 1.5 x 106 CFUs/mL 
was found using flow cytometry. A significant positive 
correlation was found between the two methods (r = 
0.61, P < 0.01). A non-significant correlation was found 
between the SCC and CFUs/mL determined using flow 
cytometry (r = 0.15). SCC values ranged from 1.8 x 104 
SCs/mL to 1.3 x 106 SCs/mL.
The range in the Staphylococcus spp. count was 
from 1.0 x 103 CFUs/mL to 3.5 x 105 CFUs/mL. Three 
properties had counts above 3.0 x 105 CFUs/mL. The total 
coliform count ranged from 3.5 x 102 CFUs/mL to 3.0 x 
105 CFUs/mL. None of the samples from the 44 properties 
exhibited growth for Pseudomonas spp., but 6.8% (3/44) 
were positive for Streptococcus spp. For these isolates, the 
sequencing results identified one isolate as Lactococcus 
lactis and the others as Enterococcus spp.
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Table 1. Findings related to biofilm production of isolates obtained from raw milk from dairy cows of municipality of Afrânio, semiarid region of 
northeastern Brazil.























icaA + icaD + bap 100% (2) Weak
DISCUSSION
S. aureus is the most frequent microorganism 
isolated from raw milk. It is commonly associated with 
food poisoning and most frequent pathogen isolated 
in cases of bovine mastitis [25]. Thus, the control of 
mastitis through adequate hygiene practices at the 
time of milking is of the utmost importance, since S. 
aureus is one of the microorganisms that compromise 
the sanitary quality of milk products. 
As shown in Table 1, only two isolates that 
were positive for the three genes researched had weak 
biofilm production. Authors state that the formation of 
biofilm on inert surfaces is highly sensitive to growth 
conditions [11]. The plate adherence method can be 
considered a subjective phenotypic technique, since 
biofilm production by a bacterium depends on a number 
of factors, such as the conditions to which it is submit-
ted. Moreover, genetic mechanisms determine biofilm 
production, which were not analyzed in the present 
study, such as insertion sequences (IS256 and IS257), 
which can cause the inactivation of the ica operon, and 
the quorum-sensing system, which is regulated by an 
operon (agr) that has five genes (agrA, agrB, agrC agrD, 
and hld), which are responsible for the production and 
regulation of virulence factors [6,12,17,22,29]. 
The bap gene was the least frequent among the 
isolates tested. In a previous study [13], the authors 
also found low proportions of S. aureus strains from 
bovine mastitis that were positive for this gene. In 
132 S. aureus isolates from cases of bovine mastitis 
in Poland, all exhibited the icaA and icaD genes and 
none exhibited the bap gene [39], which suggests that 
the prevalence of this gene among S. aureus isolates 
is low. In the present study, genes responsible for the 
production and formation of biofilm in a phenotypic 
manner were found, suggesting that S. aureus isolates 
could have the potential to adhere to containers used to 
store milk and produce biofilm. Moreover, the biofilm 
produced by these isolates could be a virulence factor 
associated with bovine mastitis in the region, as bio-
film is described as a defense system used by bacteria 
against the immune system of animals and the action 
of antimicrobial agents [3].
Analyzing the phenotypic and genotypic results 
of the resistance of the S. aureus to the antimicrobial 
agents tested, no resistance to cephalotin or oxacillin 
was found, suggesting that these antibiotics are not 
commonly used on the properties evaluated, although 
resistance to oxacillin has been reported for S. aureus 
isolated from animals [23, 28]. In contrast, resistance 
to the beta-lactam antibiotics of the penicillin class was 
found, which are the most commonly employed anti-
biotics used to control diseases in dairy herds [36,40].
Fifty percent (29/58) of the isolates did not 
exhibit the blaZ gene and eight of these 29 isolates 
were resistant to ampicillin, amoxicillin, and penicil-
lin. Resistance to beta-lactam antibiotics in isolates 
without the blaZ gene occurs due to other bacterial 
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mechanisms [27]. A previous study evaluated the phe-
notypic (coagulase-negative Staphylococcus isolated 
from bovine milk) and molecular resistance with a 
survey of genes (ermA, ermB, ermC, msrA, mecA, icaA, 
and icaB) responsible for coding diverse mechanisms 
associated with resistance in Staphylococcus spp. and 
the results demonstrated that some isolates have three 
simultaneous mechanisms (blaZ, mecA, and msrA) of 
resistance to antimicrobial agents [35]. Studies have 
identified the mecC gene, which is a homolog to the 
mecA gene, both of which are responsible for the in-
trinsic resistance to β-lactam antibiotics [5]. Among the 
50% of isolates that were positive for the blaZ gene, 
96.5% (28/29) were resistant to ampicillin, amoxicil-
lin, and penicillin. This gene is a prevalent finding in 
studies developed in northeastern Brazil [23,28].
Considering Normative Instruction n° 62 of the 
Brazilian Ministry of Agriculture and Livestock, which 
establishes a limit of up to 3.0 x 105 CFUs/mL for TBC 
in the northern and northeastern regions of the country 
[9], 50% (22/44) of the properties are not compliant 
with the norm based on the SPC and 9% (4/44) are not 
compliant based on flow cytometry. Although a sub-
stantial correlation was found between the two methods 
employed for the determination of the TBC, differences 
stem from factors that can interfere with the count, such 
as the predominant microbiota in the milk (Gram posi-
tive or negative), the size and shape of the bacterial cells, 
and the aggregation of these cells [38]. Other research-
ers state that high counts of mesophilic bacteria in milk 
indicate contamination during the acquisition period due 
to improper hygienic-sanitary procedures and failure to 
clean the udders prior to milking [15].
A high SCC is not necessarily related to the TBC 
in milk, but a high bacterial count (even with the SCC 
lower than 400,000/mL) implies inadequate hygiene 
during the milking process [26]. For samples from milk 
containers, this correlation tends to decrease, as several 
factors can lead to an increase in the SCC or the release 
of pathogens in milk. Thus, the homogenization of milk 
from different cows can lead to an inaccurate reading of 
the SCC x CFUs relationship. As Normative Instruction 
n° 62 establishes a maximum of 5.0 x 105 somatic cells/
mL for the northern and northeastern regions of Brazil 
[9], five of the properties evaluated in the present study 
would be shut down. Intramammary infection is the 
factor that most contributes to an increase in the SCC of 
milk [32]. Thus, the maintenance of the adequate udder 
hygiene is important to the quality of milk.
The variation in the counts of Staphylococcus 
spp. demonstrates differences in the quality of milk 
among the properties. When present in high concentra-
tions (105 to 106 CFUs mL-1 or g-1) and under adequate 
conditions, these bacteria produce staphylococcal 
enterotoxins that cause food poisoning when ingested 
[7]. A high Staphylococcus count is most often related 
to the occurrence of mastitis in the herd [4]. Differ-
ences in this count are related to the management of 
the milking process, number of cows with mastitis, a 
lack of refrigeration of the milk, the volume of milk, 
etc. Handlers are the main carriers of bacteria and dis-
seminators of microbes to milk [41].
With regard to coliforms, 56.8% of the milk 
analyzed (25/44) had counts higher than 1.0 x 103 
CFUs/mL, which further implies inadequate sanitary 
practices with the herd and improper hygiene at the 
time of milking. Although Normative Instruction n° 
62 [9] does not establish an acceptable number of total 
coliforms, these microorganisms are indicative of envi-
ronmental contamination and fecal matter in milk [20].
None of the samples exhibited growth for 
Pseudomonas spp., which is a psychrotrophic bacte-
rium found in milk as the result of the contamination 
of the milking equipment or the surface of the udder 
[14]. The absence of this microorganism may be related 
to a lack of refrigeration, as milk remains at ambient 
temperature until delivered to the dairy plant. 
Bovines are the hosts of L. lactis, which is one 
of the main species isolated from raw milk [24]. The 
presence of Enterococcus spp. suggests inadequate 
hygienic-sanitary practices during the acquisition of 
milk. Moreover, the consumption of milk contaminated 
by these microorganisms is related to scarlet fever and 
strep throat [41]. 
CONCLUSION
The isolation of S. aureus in the milk samples 
analyzed represents a risk for the herd and public 
health. The detection of virulence factors related to 
the production of biofilm in some isolates demon-
strates the adhesion and biofilm formation capacity on 
milking utensils and equipment. The present findings 
underscore the importance of the adequate, continual 
training of milk producers for the application of good 
milking practices. On a number of the properties 
evaluated, the TBC demonstrated incompliance with 
Normative Instruction n° 62 of the Brazilian Ministry 
of Agriculture and Livestock.
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